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METHOD AND APPARATUS FOR DECODING DATA 
FIELD OF TWTT TT SVENTTOIV 

The present invention relates generally to the field of decoding encoded digital 
data. More specifically, the present invention relates to a system and method for 
■> performing bi-directional or multi-phase decoding of a block of error correction encoded 
data. 

BACKGROTnvn O F TTTF. TTWENTTOAT 

A transmitter in a mobile communication system may have an error correction 
coder to perform error correction coding (e.g. convolution^ coding) of data to be 
transmitted. A receiver in such a sysWn may contain a decoder (e.g. Viterbi decoder) to 
decode the error correction coded data and to recover the original data. There are many 
well known coding and decoding methodologies, including turbo coding and decoding. 
Turbo decoders, among others, may utilize a two phase process for decoding an encoded 
data block having N elements, a forward phase and a backward phase. Each phase may be 
calculated recursively, the forward phase generating a forward state matrix and the 
backward phase generating a backward state matrix. An element from the forward stale 
matrix, cc n , may be calculated from a previously calculated element, , and an element 
for the backward state matrix, Pn , may be calculated from a numerically successive 
element 3 n+1 - The posteriori probability estimation related to element n is based on 
combining the information gained from a n and p n+ , . Turbo decoders and their decoding 
methodology are well known. Any formulas or algorithms for calculating a forward 
matrix, a reverse matrix, and the decoder output, currently known or to be devised in the 
future, are applicable to the present invention. Fig. 1 is a diagram illustrating forward and 



backward iterative calculations being performed on an encoded block of data according to 
the prior art. 

BRIEF DESCRIP TION OF THE DRAWTTV^ 

5 The subject matter regarded as the invention is particularly pointed out and 

distinctly claimed in the concluding portion of the specification. The invention, however, 
both as to organization and method of operation, together with objects, features, and 
advantages thereof, may best be understood by reference to the following detailed 
description when read with the accompanying drawings in which: 
J° Hg - 1 is a ^gram illustrating forward and backward iterative computations 

p being performed on a block of encoded data according to the prior art. 
O Figs. 2 is a diagram illustrating forward and backward iterative computations 

$ being performed on a first and second sub-block of encoded data in accordance with the 
m present invention; 

Fig. 3 is a diagram illustrating forward and backward iterative computations 
being performed on multiple sub-blocks by separate decoders; and 

Figs. 4 is a diagram showing a temporary memory being shared by a decoder 
performing forward iterative calculations and a decoder performing backward iterative 
calculations. 

It will be appreciated that for simplicity and clarity of illustration, elements shown 
in the figures have not necessarily been drawn to scale. For example, the dimensions of 
some of the elements may be exaggerated relative to other elements for clarity. Further, 
where considered appropriate, reference numerals may be repeated among the figures to 
indicate corresponding or analogous elements. 



3 



3 

20 



DETAIL ED DESCRIPTION 

In the following detailed description, numerous specific details are set forth in 
order to provide a thorough understanding of the invention. However, it will be 
5 understood by those skilled in the art that the present invention may be practiced without 
these specific details. In other instances, well-known methods, procedures, components 
and circuits have not been described in detail so as not to obscure the present invention. 

Unless specifically stated otherwise, as apparent from the following discussions, it 
is appreciated that throughout the specification discussions utilizing terms such as 
^ "processing", "computing", "calculating", "determining", or the like, refer to the action 
g and/or processes of a computer or computing system, or similar electronic computing 
| device, that manipulate and/or transform data represented as physical, such as electronic, 
quantities within the computing system's registers and/or memories into other data 
similarly represented as physical quantities within the computing system's memories, 
Hjs registers or other such information storage, transmission or display devices. 

Embodiments of the present invention may include apparatuses for performing the 
operations herein. This apparatus may be specially constructed for the desired purposes, or 
it may comprise a general purpose computer selectively activated or reconfigured by a 
computer program stored in the computer. Such a computer program may be stored in a 
computer readable storage medium, such as, but is not limited to, any type of disk 
including floppy disks, optical disks, CD-ROMs, magnetic-optical disks, read-only 
memories (ROMs), random access memories (RAMs) electrically programmable read-only 
memories (EPROMs), electrically erasable and programmable read only memories 
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(EEPROMs), magnetic or optical cards, or any other type of media suitable for storing 
electronic instructions, and capable of being coupled to a computer system bus. 

The processes and displays presented herein are not inherently related to any 
particular computer or other apparatus. Various general purpose systems may be used 
5 with programs in accordance with the teachings herein, or it may prove convenient to 
construct a more specialized apparatus to perform the desired method. The desired 
structure for a variety of these systems will appear from the description below. In 
addition, embodiments of the present invention are not described with reference to any 
particular programming language. It will be appreciated that a variety of programming 
JO languages may be used to implement the teachings of the inventions as described herein 

o 

p As part of the present invention a block of encoded data may be partitioned into 

| two or more sub-blocks. A sub-block may be decoded by performing a forward iterative 

I caIculation a backward iterative calculation, wherein the sub-block's backward 

y jj 

iterative calculation may be partially based on a backward iterative calculation of a portion 
ft of a subsequent sub-block. Each sub-block may be partitioned further into sub-block 

H. process on one or more general purpose processors or on a digital signal 

processors ("DSP"). 

A common memory may be shared by two processes decoding two separate 
20 sub-blocks or sub-block segments. As one process performs a second phase of iterative 
calculations on a sub-block, the process may release a portion of the memory, which 
portion may be used by a second process performing a first phase of iterative calculations 
on a second sub-block or sub-block segment. The processes sharing a memory may be 
running on one or more processors or DSP. 
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It should be understood that the term forward iterative calculations and backward 
iterative calculations are interchangeable. Since the terms forward and backward are 
relative terms, the terms forward iterative calculations and backward iterative calculations 
are interchangeable depending only upon the selection of a data block's start point and end 
point. 

Turning now to Fig. 2, there is shown an encoded data block partitioned into two or 
more separate and adjacent sub-blocks of length LI. According to the example in Fig. 2, 
the first sub-block, Sub-Block A, may be decoded by first performing forward iterative 
calculations on the elements starting from the left, where n = 0. The first sub-block may 
have a length LI, and the forward iterative calculation may proceed until n - L1a. The 
product of the forward iterative calculations may be referred to a forward state 
coefficients, a n , which collectively may be referred to as a forward state matrix. The 
g forward state matrix may be stored in a temporary memory. As a second step, backward 
* ' iterative calculations may be performed on the first sub-block, starting from the right and 
W m0Ving tC *** left Since * e backward iterative calculations for the first sub-block may 
require results of iterative operations starting in the second sub-block, Sub^Block B, the 
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g backward iterative calculations for the first sub-block may start at some point within the 
second sub-block, n = LI a + L2b. The order in which the forward and backward iterative 
calculations are performed are not relevant. A backward state manix may be calculated 
20 and/or stored in a temporary memory prior to the calculation of a forward state matrix. 

As coefficients for the backward iterative calculations are calculated, p n , the 
output of the decoder may also be calculated using the already stored a„ coefficients, 
where the output is some function of a n and p„ . Once the coefficients in a portion of 
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temporary memory are used to calculate the decoder's output, that portion of memory may 
be released. 

The second sub-block of encoded data, Sub-Block B, may be decoded by 
performing forward iterative calculations on the elements, as performed for the first 
sub-block. Backward iterative calculations for the second sub-block may start at a point 
within a third sub-block, Sub-Block C. In the event the block is only partitioned into two 
sub-blocks, the backward calculation for the second sub-block may either start at element 
N, the last element in the block, or at some point in the first sub-block of a subsequent 
block of encoded data. 

^10 Turning now to Fig. 3, there is shown a diagram of an encoded data block being 

parsed into sub-blocks by a data block parser 110, which sub-blocks may then be 
processed or decoded by separate decoders 120A to 120D. The parser 110 and the 
decoders 120A -120D may be separate processes running on a single processor or DSP. 
In another embodiment, the decoders 120 A to 120D may reside on physically distinct 
processing units. Fig. 3 also illustrates how one decoder may communicate to another 

Hi 

jjj decoder portions of a backward state matrix calculated by that decoder. As described 
above, portions of a backward state matrix of one sub-block may be used to calculate a 
backward state matrix of a previous sub-block. 

Turning now to Fig. 4, there is shown a diagram illustrating an example of how a 
temporary memory 130 may be shared between two decoders decoding separate 
sub-blocks. According to the example in Fig. 4, as forward calculator 124A, from decoder 
120A, calculates elements of a forward state matrix, cc n , an output calculator 126A may 
read from the temporary memory 130 coefficients of sub-block X's previously calculated 
backward state matrix 0 n and may calculate sub-block X's output matrix. As the output 
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calculator 126A reads 8 n from the left bit to the right bit of the temporary memory, 
portions of the memory block 130 are freed up and may be used by a backward state 
matrix calculator 122B of a second decoder 120B to store other state matrix coefficients. 
Fig. 4 shows a backward calculator which may perform a backward iterative calculation on 
sub-block X+I and may store coefficients of the sub-block's backward state matrix in the 
portions of the temporary memory freed up, from left to right. Analogous memory sharing 
between the backward calculator and the forward calculator may be achieved in both 
directions. That is, the output calculator may read the coefficients from right to left and 
either the forward or backward calculator may write to the portions of memory being 
released, also from right to left. Which calculations are performed first, forward or 
backward iterative, may not be relevant. 

While certain features of the invention have been illustrated and described herein, 
many modifications, substitutions, changes, and equivalents will now occur to those 
skilled in the art. It is, therefore, to be understood that the appended claims are intended to 
cover all such modifications and changes as fall within the true spirit of the invention. 
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